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Abstract 
 
Grape yellows caused by phytoplasmas afflict several important wine-producing areas of Europe. A grape yellows with increasing 
incidence in European vineyards is “bois noir” (BN), caused by ‘Candidatus Phytoplasma solani’. Its vector is the planthopper 
Hyalesthes obsoletus Signoret (Hemiptera Cixiidae), occasionally feeding on grapevine. An innovative strategy for reducing the 
diffusion of the disease could be symbiotic control, exploiting the action of symbiotic microorganisms of the insect host. To in-
vestigate the occurrence of possible microbial candidates for symbiotic control we performed a molecular characterization of the 
bacteria associated to H. obsoletus. Length heterogeneity PCR was applied for a preliminary population screening. Taxonomic 
affiliations of the bacterial species were analyzed by denaturing gradient gel electrophoresis, showing, within the microbial diver-
sity, the intracellular reproductive parasite Wolbachia pipientis and a Bacteroidetes symbiont with 92% nt identity with ‘Candida-
tus Sulcia muelleri’. PCR essays specific for these bacteria showed they co-localize in several organs of H. obsoletus. Fluorescent 
in situ hybridization was performed to assess the distribution of these microorganisms within the insect body, showing interesting 
localization patterns, particularly in insect gonads and salivary glands. These results could be a starting point for a deeper investi-
gation of functions and relationships between microbial species. 
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Introduction 
 
Grape yellows are a group of severe diseases of grape-
vine caused by phytoplasmas in several important wine-
producing areas across Europe, generating significant 
losses in production. Phytoplasmas are cell wall-less 
bacteria spread throughout the vineyards by leafhoppers 
and planthoppers, which can inoculate the phytopatho-
genic organisms while feeding on lymph of healthy 
grapevine. A grape yellow with increasing incidence in 
European vineyards is “bois noir” (BN), caused by 
‘Candidatus Phytoplasma solani’, a phytoplasma be-
longing to the Stolbur group (16Sr XII). (The IRPCM 
Phytoplasma/Spiroplasma Working Team, 2004). The 
insect vector of ‘Ca. Phytoplasma solani’ is the 
planthopper Hyalesthes obsoletus Signoret (Hemiptera 
Cixiidae), which lives on dicotyledonous weeds, but can 
be occasionally found on grapevine (Alma et al., 2002). 
Direct control of phytoplasmas is not yet possible. 
Therefore application of control strategies against H. 
obsoletus is necessary, mainly by means of a good man-
agement of weeds in the vineyard. Furthermore, in-
fected plants must be destroyed, in order to avoid devel-
opment of new reservoirs for the disease. 
Use of biocontrol agents is recently acquiring increas-
ing interest in pest management. Biocontrol microor-
ganisms can impair the insect life cycle in many cases 
by producing toxic factors for the target insect species. 
Another innovative strategy in this field, which does not 
require spraying the biocontrol agent at each growing 
season, is the ‘symbiotic control’ approach, in which 
microorganisms, by establishing a strict symbiosis with 
the insect host, exploit mechanisms for reducing vector 
competence (Beard et al., 1998) or the manipulation of 
undesirable host traits (Rio et al., 2004). 
In the field of insect-borne grapevine pathogens, stud-
ies on the symbiotic microbiota obtained promising re-
sults toward control strategies in the case of Pierce’s 
disease of grape, caused by the xylematic bacterium Xy-
lella fastidiosa Wells et al., spread by the sharpshooter 
Homalodisca coagulata (Say) (Hemiptera Cicadellidae) 
(Bextine et al., 2004). 
Despite the economic relevance of BN, no studies 
have been carried out about the microflora associated 
with its vector. We performed a characterization of the 
bacteria stably associated to the body of H. obsoletus, to 
investigate the occurrence of possible microbial candi-
dates to be used as biocontrol agents. 
 
 
Materials and methods 
 
A cultivation-independent analysis of the microflora of 
H. obsoletus was performed by molecular tools on indi-
viduals sampled from uncultivated fields close to vine-
yards in Piedmont region in north Italy. 16S rRNA 
gene-length heterogeneity PCR (LH-PCR) (Ritchie et 
al., 2000) was applied with universal primers targeting 
bacteria, in order to identify the presence of microbes 
associated to the majority of specimens. Taxonomic af-
filiations of the bacterial population observed by LH-
PCR were analyzed by 16S rRNA gene PCR and dena-
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turing gradient gel electrophoresis (DGGE) followed by 
band excision and sequencing (Sass et al., 2001). To 
investigate the abundance of bacteria in the host, we 
executed specific PCR assays for interesting organisms: 
‘Ca. Phytoplasma solani’, the pathogen causing BN 
(Langer and Maixner, 2004), Wolbachia pipientis Her-
tig, an important reproductive parasite associated to 
several insect species (Werren et al., 1995), and a bacte-
rium related to ‘Candidatus Sulcia muelleri’ (Moran et 
al., 2005). The latter is interesting because of the low 
homology with the closest relative. We also obtained 
the almost complete 16S rRNA gene sequence of this 
bacterium by using a combination of specific and uni-
versal primers. Fluorescent in situ hybridization (FISH) 
on 16S rRNA gene (Amann et al., 1990) was performed 
to assess the distribution of these microorganisms 
within the insect body, by using order- and species-
specific probes. 
 
 
Results and discussion 
 
Preliminary population screening executed by LH-PCR 
essays showed some peaks (representing different or-
ganisms) associated with most of the individuals exam-
ined, both in females and males. This gave evidence of a 
rich microbial community inside the body of H. obso-
letus. DGGE analysis of taxonomic affiliations of bacte-
ria found in the insect body confirmed the diversity de-
tected by LH-PCR. Among the bacteria associated to 
BN insect vector, in addition to ‘Ca. Phytoplasma so-
lani’, the intracellular reproductive parasite W. pipientis, 
a Bacteroidetes endosymbiont with 92% nt identity with 
‘Ca. Sulcia muelleri’, and other Bacteroidetes, Beta- 
and Gamma-Proteobacteria, were found. Bacteria con-
sidered particularly interesting were tested by specific 
PCR essays. A co-localization of ‘Ca. Phytoplasma so-
lani’, W. pipientis and the bacterium related to ‘Ca. Sul-
cia muelleri’ was observed in several organs of H. obso-
letus. The distribution of these three microorganisms 
was then investigated by FISH. Confocal microscopy 
images obtained by FISH showed interesting localiza-
tion patterns of bacteria, particularly in insect gonads 
and salivary glands. These results could be a starting 
point for a deeper investigation of functions and rela-
tionships among microbial species. 
 
 
Acknowledgements 
 
This work was founded by Regione Piemonte-project 
CIPE 2004. We also thank Centro Interdipartimentale 
Grandi Strumenti of the University of Modena and Reg-
gio Emilia for confocal microscopy analysis and Luca 
Picciau for field sample collection. 
 
 
References 
 
ALMA A., SOLDI G., TEDESCHI R., MARZACHÌ C., 2002.- Role 
of Hyalesthes obsoletus Signoret (Homoptera Cixiidae) in 
the transmission of grapevine Bois noir in Italy.- Petria, 12: 
411-412. 
AMANN R. I., KRUMHOLTZ L., STAHL D. A., 1990.- Fluores-
cent-oligonucleotide probing of whole cells for determina-
tive, phylogenetic, and environmental studies in microbiol-
ogy.- Journal of Bacteriology, 172 (2): 762-770. 
BEARD C. B., DURVASULA R. V., FRANK F. RICHARDS F. F., 
1998.- Bacterial symbiosis in arthropods and the control of 
disease transmission.- Emerging Infectious Diseases, 4: 581-
591. 
BEXTINE B., LAUZON C., POTTER S., LAMPER D., MILLER T. A., 
2004.- Delivery of a genetically marked Alcaligenes sp. to 
the glassy-winged sharpshooter for use in a paratransgenic 
control strategy.- Current Microbiology, 48 (5): 327-331. 
LANGER M., MAIXNER M., 2004.- Molecular characterisation 
of grapevine yellows associated phytoplasmas of the 
stolbur-group based on RFLP-analysis of non-ribosomal 
DNA.- Vitis, 43: 191-200. 
MORAN N. A., TRAN L. P., GERARDO M. N., 2005.- Symbiosis 
and insect diversification: an ancient symbiont of sap-
feeding insects from the bacterial Phylum Bacteroidetes.- 
Applied and Environmental Microbiology, 71 (12): 8802-
8810. 
RIO R. V. M., HU Y., AKSOY S., 2004.- Strategies of the home-
team: symbioses exploited for vector-borne disease control.- 
Trends in Microbiology, 12 (7): 325-336. 
RITCHIE N. J., SCHUTTER M. E., DICK R. P., MYROLD D. D., 
2000.- Use of length heterogeneity PCR and fatty acid 
methyl ester profiles to characterize microbial communities 
in soil.- Applied and Environmental Microbiology, 66: 
1668-1675. 
SASS A. M., SASS H., COOLEN M. J., CYPIONKA H., OVERMANN 
J., 2001.- Microbial communities in the chemocline of a hy-
persaline deep-sea basin (Urania basin, Mediterranean Sea).- 
Applied and Environmental Microbiology, 67: 5392-5402. 
THE IRPCM PHYTOPLASMA/SPIROPLASMA WORKING TEAM – 
PHYTOPLASMA TAXONOMY GROUP, 2004.- ‘Candidatus Phy-
toplasma’, a taxon for the wall-less, non-helical prokaryotes 
that colonize plant phloem and insects.- International Jour-
nal of systematic and Evolutionary Microbiology, 54: 1243-
1255. 
 
 
 
Corresponding author: Alberto ALMA (alberto.alma@unito.it), 
DiVaPRA-Entomologia e Zoologia applicate all’Ambiente “C. 
Vidano”, University of Turin, via L. da Vinci 44, 10095 Grug-
liasco (Turin), Italy. 
 
 
 
